The paper presents an analysis of the load-carrying capacity of a historic hydrodynamic water-lubricated radial bearing of an unconventional segment design installed in the Braniewo Hydroelectric Power Plant. The aim of the calculations was to determine whether the bearing operates in the conditions of hydrodynamic or mixed lubrication, as well as to establish the optimal geometry of the axial grooves allowing for the highest load-carrying capacity. Computer simulations were performed using proprietary ARTbear software developed at Machine Design and Vehicles Department of Gdańsk University of Technology. The calculation results led to the creation of the technical documentation of the bearing's modernization serving to increase its lifespan and reliability.
INTRODUCTION
Hydroelectric power plants frequently utilize waterlubricated bearings because of their many undeniable advantages, i.e. they are environmentally friendly, can be lubricated with the surrounding water, do not require complicated oil-lubrication systems, etc. However, the natural guaiacum wood is still being used to this day and is considered by many to surpass the man-made synthetic materials [L. 9].
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SUBJECT OF STUDY
The study concerns a historic hydrodynamic radial bearing installed in the Braniewo Hydroelectric Power Plant, manufactured in 1930 according to the design of Schichau Elbing shipyard. The power plant utilizes a vertical shaft with an unconventional arrangement of two Francis turbines located one under the other (Fig. 1) . The turbine shaft is upheld by two radial bearings, with the bottom one being water-lubricated and immersed directly in the river, and top one placed above the water level. The turbine shaft is connected with a flange to a generator shaft, which is supported by an axial bearing carrying the loads resulting from the weight of the shaft and the generator, as well as the water pressure acting on the turbines.
The bearing subjected to the analysis presents a very interesting and uncommon design (Fig. 2) . It consists of a cast-iron, split housing inside of which three bearing segment compartments are located 120° apart from each other. The side surfaces in each compartment are parallel and the back surface is angled 5° to the vertical, converging towards the top. Thanks to this arrangement, continuous adjustment of the bearing clearance is possible. 
This adjustment is accomplished with three vertical bolts, whose shanks exit the housing through holes designed for this purpose. The lowering or raising of the segments with the bolts causes them to slide on the converging back surfaces, respectively increasing or decreasing the radial clearance (Fig. 2) .
Because the shaft operates in a vertical position, the load on the radial bearings results mainly from its imbalance and the asymmetric distribution of the hydrodynamic forces acting on the rotors (it does not result from its weight, as is the case with horizontal shafts).
ANALYSIS OF LOAD-CARRYING CAPACITY
Computer software
The calculations were performed by ARTbear computer software, which has been developed over many years at the Machine Design and Vehicles Department [L. 21].
It employs an adiabatic model of the hydrodynamic film and allows for the determination of all important parameters of a hydrodynamic bearing, such as pressure and film thickness distribution, lubricant expenditure, stiffness and damping coefficients, journal position, etc. The software enables the simulation of cylindrical and multi-surface bearings of complex axial groove geometry with an accommodation of the influence of the shaft's angular misalignment and bearing shell imperfections.
Analysed cases
The main purpose of the calculations was to establish whether fully hydrodynamic lubrication without contact between the journal and the bearing shell is possible in normal operating conditions, as well as to find the bearing geometry providing maximum load capacity. This information was necessary to determine the optimal bearing material suitable for the particular application.
The paper presents the results of an analysis of two bearings of different geometries and clearances. The first is a cylindrical bearing consisting of three symmetricallyplaced segments with angular spans of 100°. The second bearing also has three segments, but with a certain preload value, corresponding to a geometry resulting from turning a cylindrical diameter and decreasing the clearance by adjusting the segments with the adjusting bolts (the geometry changes from a cylindrical bearing to a three-segmented preloaded bearing). The differences between both bearings' geometries are presented in Table 1 and on Fig. 3 . Another of the major aims of the calculations was to determine which of the analysed geometries is optimal with regard to the achievable load-carrying capacity. The influence of load direction was also simulated. The calculations were performed for both the direction towards the middle of a segment and towards an axial groove (between the segments). Because the exact magnitude of the radial force acting on the bearing is unknown, a wide range of load magnitudes was considered. The journal eccentricity was taken in the range of 0.5 to 0.95. The calculation parameters are presented in detail in Table 1 . 
Comparison of obtained results
After performing the computer simulations, graphs for the comparison of the load-carrying capacities were created (Figs. 6, 7) . On the following graphs, these capacities as well as the minimum water film thicknesses for bearings No. 1 (no preload) and No. 2 (three-surface preloaded) are presented as a function of journal eccentricity. The characteristics were plotted for two assumed values of relative clearances -0.001 and 0.002. The estimated radial load acting on the analysed bearings is 1 kN. 
CONCLUSIONS OF PERFORMED CALCULATIONS
The performed calculations allow for the following conclusions: 1. The analysis demonstrated that, for the estimated 1 kN radial load, both bearing variants are capable of theoretical operation under hydrodynamic lubrication conditions. For the estimated 1 kN load, the minimum film thickness amounts to 0.015-0.025 mm, depending on the bearing geometry and load direction. 2. The calculation results point to a relatively low hydrodynamic load-carrying capacity of the bearings, which is mainly caused by the low rotation speed of the journal and its small diameter 3. The calculations did not consider any imperfections of the journal shape and the bearing shells, the angular misalignment of the journal, surface roughness, and other factors which, in real-life conditions, will lower the load-carrying capacity of a bearing compared to the obtained theoretical results. Consequently, the utilized bearing material must be able to operate in the condition of mixed lubrication without significant wear.
4. The two analysed bearing types (cylindrical and three-surface preloaded) were examined with relative clearance variants of 0.001 and 0.002 demonstrate significantly varying load-carrying capacities. 5. As could be expected, the relative clearance of 0.001 increases the load-carrying capacity by about four times compared to the relative clearance of 0.002. A reduction of clearance under 0.001 is difficult to achieve in practice due to manufacturing errors, thermal expansion of components, etc. 6. For an assumed minimum water film thickness of 0.02 mm, the highest capacity is achieved by the preloaded bearing with a relative clearance of 0.001; therefore, in this case, the three-surface preloaded bearing was recommended for modernization. 7. Predictably, the load-carrying capacity of the bearings also depends on load direction. When the load is directed towards the middle of a segment, the capacity is approximately twice lower. Concurrently, the lowest sensitivity to a change in load direction is demonstrated by a three-surface preloaded bearing with a clearance value of 0.001.
SUMMARY
Based on the performed calculations, the bearing's installation conditions, and a cost analysis, it was decided that the modernization of the Braniewo Hydroelectric Power Plant should utilize natural guaiacum wood as the bearing material, by virtue of it being able to operate in the conditions of lubrication with water directly from the watercourse. This solution will guarantee a bearing lifespan of many years.
